The involvement of primary and secondary metabolism in the covalent binding of 1,2- and 1,4-dichlorobenzenes.
The microsomal oxidation of 1,2-[14C]- and 1,4-[14C]dichlorobenzene (DICB) was investigated with special attention for possible differences in biotransformation that might contribute to the isomer-specific hepatotoxicity. Major metabolites of both isomers were dichlorophenols (2,5-DICP for 1,4-DICB and 2,3- and 3,4-DICP for 1,2-DICB, respectively) and dichlorohydroquinones. The formation of polar dihydrodiols appeared to be a major route for 1,2-DICB but not 1,4-DICB. Both the hepatotoxic 1,2-DICB and the non-hepatotoxic 1,4-DICB were oxidized to metabolites that covalently interacted with protein and only to a small extent with DNA. Protein binding could be inhibited by the addition of the reducing agent ascorbic acid with a concomitant increase in the formation of hydroquinones and catechols, indicating the involvement of reactive benzoquinone metabolites in protein binding. However, in the presence of ascorbic acid, a substantial amount of protein-bound metabolites of 1,2-DICB was still observed, in contrast to 1,4-DICB where binding was nearly completely inhibited. This latter effect was ascribed to the direct formation of reactive benzoquinone metabolites in a single P450-mediated oxidation of para-substituted dichlorophenols (such as 3,4-DICP) in the case of 1,2-DICB. In contrast, the major phenol isomer derived from 1,4-DICB (i.e. 2,5-DICP) is oxidized to its hydroquinone derivative, which needs prior oxidation in order to generate the reactive benzoquinone species. Residual protein binding in the presence of ascorbic acid could also indicate the involvement of reactive arene oxides in the protein binding of 1,2-DICB, but not of 1,4-DICB. However, MO computer calculations did not provide indications for differences in chemical reactivity and/or stability of the various arene oxide/oxepin tautomers that can be formed from either 1,2-DICB or 1,4-DICB. In conclusion, reactive intermediates in the secondary metabolism of 1,2-DICB lead to more covalent binding than those derived from 1,4-DICB, which correlates very well with their reported hepatotoxic potency.